Magnetohydroelectric waves in a fluid dielectric 
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K theoretical *>aw behavior in a roagnetiicd fluid ditrleotcic is deduced. The wave CQUiiSU of oscillaliora 
of maenctic, kinetic, and electrostatic energies 


Consider a Ilum dielectric substance placed tti a uni¬ 
form magnetic field, Bo, in the positive r, direction of a 
rectangular Cartesian coordinate system. The dielec¬ 
tric constant of the fluid i3 x<o, where x the polarize - 
biUty and <„ is the permittivity of free space. Now sup¬ 
pose that an electric field S increasing with tlm« is ap¬ 
plied in the positive x direction. This gives ri«e to a 
polarization current J 1 =\C J E, and (he consequent 
J, < Bo force accelerates tho fluid in the negative y direc¬ 
tion to an instantaneous velocity u. The charges in the 
polarized molecules of the dielectric are now subject to 
an additional equivalent eleclric field E' - u * B c (owing 
co the force u*B-, per unit charge), and a little con¬ 
sideration will shew that the effect of this iicld is to 
drive a current tl‘ e direction opposite to J x . 

Thus, the not polarization current J measured in our 
coordinate system (in which E and u are measured? ia 

J= x < 0 |E«.(*/sjHuxB a )l. (1) 

Now consider an electromagnetic disturbance in the 
fluid. We w rile u - u,y, E - E t x. J - J a x. and b - b y y f 
Whore b la ihe Induced magnetic field. We aauume 

&-?<£{). Using Eq. (l), the two Maxwell's equations 

V • E- -b and V - b ^p 0 J t u 0 < 0 E, («’hcre pj is the mag¬ 
netic permeability of free spaco} and Newton's law 
pu — J " B 0 (p is the fluid mass density), wo obtain tho 


following rolations 


J, -y €»(£,+ u y tf 0 ), 

(2) 

fhj 8* = - li t J, - UofcE,. 

(3) 

a£C,/te= - 9b,/dt, 

(4) 

CU,= -JyB 0 . 

(5) 


These equations may bo solved simultaneously to give 

eVa* 2 v l {Vb T /»z z \ (6) 


with 




( 7 ) 


where c ia the velocity of light, and v a =£ 0 /(#J 0 pi 1 ' 2 is 
a well-Lncwn parameter called tho Alfvcn velocity. 
Equation (6) indicates a wave propagating with a velocity 
V, ir. which b, u, and E oscillate, corresponding to 
oscillations in magnetic, kinetic, and electrostatic en¬ 
ergies. This wave may therefore be termed a magneto- 
hydroelectric wave. The solutions for £«. and u y 
in the wave are 


0, -&0Binu , (< —z/v), 

P r =6 0 V , Stna)(f-z/V), W 


(10) 

where h r is an arbitrary constant, and a> is the wave 
frequency. 

The ratio $ of the kinetic: energy density pa*/2 to the 
magnetic energy density h\/ 2^.p in the wave is 

i-[v a /Vf(l -v*/c'-)\ 111) 

and the ratio r? of tho kinetic energy density to the elec¬ 
trostatic energy density (1 -y) t n E \/2 is 

n={v i i ul l 'Y*){l-V , /c i )\ U2) 

where v d z cf{ l+x) 1/& is the velocity of electromagnetic 
waves in the dielectric in absence of the magnetic field 
E,. Thus, lor V~ v e ~ p d « c, the kinetic, magnetic, and 
electrostatic energies have comparable magnitudes. 
Some examples of fluids with large values of x are 
H 2 O<x* 80 ), H £ O 2 (x = 04 ), D 2 OCx % 7B), and N,B 4 (x = 5>2).* 

From Eq. fbi one can derive the velocity fi y>fI of ibe 
magnetic fieldlines to be 

- —{Vt l) /So)oiatkf{f —e/V). il3) 

Note that this velocity equals u y when V z «c z (or * » D 
and V*v e . In this case a state of “frozen flow" 1 exists 
where the fluid and the magnetic field lines move togeth¬ 
er at tic same velocity. Whether or not this state is 
practically realizable in a dielectric fluid is question¬ 
able . 

The resemblance of the wave derived here to Alfven 
waves (rr.agnetohydrodynamic waves) in a magnetized 
conducting fluid is superficial. There is no logica.1 limit 
in which the present wave reduces to an Alfven wave, 
or vice versa. More generally, we may consider a 
partially conducting and partially dielectric fluid, and 
replace Eq. (2) by 

■4 = x f o '*4 *■«, iU +ct(E. + u, B c ), (14) 

where n is tlie conductivity. Equations (14) and (3)-(5) 
may now be solved simultaneously to yield Eq. (6) with 
V replaced by V 1 where 



where to is the wave frequency. In the limit c r- 0, we 
have V' = V, and in the limit x-0, g Q ac 2 /to- o:, we have 
V ' - (t j s * c* 4 )’ 1/a which, when v a « c, reduces to the 
Alfven velocity. 
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